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In  1964 and  1965  we  reported  the  occurrence  of
chromosome  pulverization  in  tissue  culture  cells
infected  with  measles  virus  (1,  2).  This  phenome-
non  has  also  been  observed  by  several  workers  in
other systems (3-7).
It  was  our feeling,  as well  as  that of most other
workers,  that  the  pulverization  represented  a
despiralization  and  breakdown  oi  prophase  or
metaphase  chromosomes.  A number  of differences
were observed  (2)  which suggested  that pulveriza-
tion of all chromosomes  was probably  caused  by a
different mechanism than  the production  of single
chromosome  breaks  in  individual  chromosomes.
One particularly  interesting  aspect  of these obser-
vations  was  that  the  pulverizations  usually  oc-
curred  in  syncytia,  and  the  occurrence  of com-
pletely  pulverized  chromosomes  and  apparently
intact  chromosomes  was  frequently  seen  in  the
same  syncytium.  In  order  to  study  this  aspect
further,  we  carried  out  experiments  utilizing
tritium-labeled  thymidine  (H3TdR)  and  radio-
autography  on  tissue  culture  cells  exposed  to  a
measles  virus fraction in some  experiments,  and to
intact Sendai virus in others, both of which viruses
produce  chromosome  pulverization.  The  present
paper describes results which indicate that most or
all  of  the  pulverized  nuclear  groups  represent
nuclei  affected during the DNA synthesis period  of
interphase  rather  than  during  prophase  or  meta-
phase.
MATERIALS  AND  METHODS
The  tissue  culture  cells  used  in  these  studies  were
HeLa  and LU  106.  LU  106  is  a heteroploid  cell  line
derived  from  human  embryo  lung  (8).  One  method
used  to produce  chromosome  pulverizations  was  the
addition  of a  hemolytic  fraction  of the  Edmondston
strain of measles  virus to the cells for  3 hr. This hemo-
lytic  fraction  was  almost  noninfectious,  but  retained
the  chromosome  pulverization  effect.  The  prepara-
tion,  characteristics,  and  chromosome  effects  of this
fraction  of measles  virus have  been  described  earlier
(9,  10).  A  stock  solution  with  hemolytic  activity  of
1.90  E5401 was  used in a one  in three dilution.  A sec-
ond  method  used  to  produce  pulverizations  was  the
addition  of intact  Sendai  virus at  a concentration  of
10'  TCID, 0 for  1 hr.
The  number  of syncytia  found  and the  number of
nuclei  per  syncytium  vary  with the  concentration  of
virus or  fraction  used and  the length  of exposure.  In
these  experiments,  syncytia  comprised  20-30%  of the
cells  present  and  usually  consisted  of two  to  eight
nuclei.
Cells were labeled  with tritiated thymidine  with  a
specific  activity  of  6.5  c/mmole  (Schwartz  Biore-
search)  in  a  concentration  of  10  uc/ml  for  either  a
15-min or  a j4-hr pulse followed  by two  washes  with
media,  either just  before  the addition of the  virus or
viral  fraction,  or just  before  the  termination  of  the
experiments.
Chromosome  preparations  were  made  3  hr  after
the addition  of the  hemolytic  fraction  of the  measles
virus or 1 hr after the addition of  Sendai  virus,  accord-
ing to  the conventional  acetic orcein  squash  method
(8).  In  some  experiments,  colchicine  was  added  to
the  media  for the last  hour of the experiment  to en-
hance the chromosome  contraction  and  morphology,
but in other  experiments  we used  no colchicine  so  as
to  assure  that  DNA  synthesis  would  not be  altered.
The  experiments  are  diagrammatically  represented
1 The quantity  of hemoglobin  released  under stand-
ardized  conditions  was  determined  by  extinction
measurements  at 540  mup  (10).
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FIGURE  1  Diagrammatic representation  of two  types
of  experiments  performed:  A  with  H3TdR  added  at
end of  experiment;  and  B, with  H
3TdR  at  beginning
of  experiment.  Both  types  of  experiment  were  per-
formed  with  the  hemolytic  fraction  of  measles  virus
and with  intact  Sendai  virus.  The  duration  of  the
experiment  with  hemolytic  fraction  was  3 hr,  and  the
duration with  Sendai virus  was  1 hr.
in Fig.  1. Slides were scored for  pulverizations,  photo-
graphs taken,  and  then the cover slips were  removed
after the slides were frozen on dry ice. The slides were
then  passed  through  alcohols,  dried,  and  dipped  in
NTB 3  (Kodak) liquid emulsion  (11).  The slides were
developed  after  1-  and  2-wk  exposures,  and the  pre-
viously  photographed  pulverizations  were  examined
and rephotographed.
RESULTS
In  the  experiments  in  which  cells  were  treated
with  either the  hemolytic fraction  or Sendai virus
and  had  tritiated  thymidine  available  during  the
last  15  or 30  min  of the  experiment,  many  silver
grains were observed over the pulverized material,
while  no  silver grains  were found  over  the  intact
metaphase  chromosomes  unless  they  happened  to
lie  over  some  pulverized  material  (Fig.  2).  This
indicates  that  the  pulverized  material  is  not  de-
spiralized  and  fragmented  prophase  or metaphase
chromosomes,  but  actually  interphase  nuclei  that
are undergoing DNA synthesis.  In other words, the
time  in the  cell cycle  when  the nucleus  appears  to
be  susceptible  to  this viral  action  is  the  S  period
and  the  pulverized  material  is  actually  a  nucleus
fragmented  during DNA synthesis.  It  appears that
the  chromosome  material  in  these  synthesizing
nuclei that are undergoing pulverization frequently
exhibit  increased  spiralization.  Previously,  it was
believed  that  these  elongated chromosomes  repre-
sented  despiralized  prophase  or  metaphase  chro-
mosomes,  but the  fact that silver grains  were seen
over  these structures when tritiated thymidine  was
available  only  during the  last  15  min before  fixa-
tion  of  the  cells  indicates  that  these  elongated
chromosomes are portions of currently synthesizing
nuclei. For these  elongated chromosomes  to  be in
prophase  or metaphase,  it  would be required  that
they  incorporate  tritiated  thymidine  during  the
synthesis  period  of  the  interphase  and  then  pass
through  the  G2  period  (approximately  3  hr  in
these  cells)  before  the  earliest  stages  of prophase
could  be  reached.  This  possibility  is  effectively
ruled out since  the tritiated  thymidine  was present
for  only  the last  15  or  30  min of the experiments.
These synthesis-period  chromosomes  exhibiting in-
creased  spiralization  are  best  seen  in  the  Sendai
virus experiments  as illustrated  in Fig. 3. The inci-
dence  of pulverizations  and labeling  of  pulveriza-
tions  in  representative  experiments  are  given  in
Tables  I  and II.  In  general,  the longer the period
that H3TdR was available  during the viral  action,
the  higher  was  the  percentage  of  pulverizations
that exhibited  label.  In one  experiment  in  which
the label was available during  the entire  period  of
virus  action,  virtually  100 %  of  pulverizations
contained  label.
In order  to be sure  that the tritiated  thymidine
incorporated  into  the  pulverized  material  was  not
the  result  of some  type of "repair"  DNA  synthesis
in  virus-damaged  prophase  or metaphase  chromo-
somes,  we  performed  the  second  type  of  experi-
ment.  In  these  experiments,  tritiated  thymidine
was  added  to  the  cells  for  a  15-min  pulse  before
the  start  of the  virus  experiments  (Fig.  1).  Thus,
any  incorporation  of  tritiated  thymidine  took
place  in  undamaged  cells  before  the  virus  was
added,  and no  additional  tritiated thymidine  was
available after the  addition of virus.  The results  in
these  experiments  were  essentially  the  same  as
those  described  in  the  earlier  section,  eliminating
the  possibility  that  the  label  was  due  to  repair
DNA  synthesis.  Representative  experiments  in
this  series are seen in Tables  I and  II.
In  those  experiments  with  the  hemolytic  frac-
tion,  the  time  period  from  the  addition  of thymi-
dine  to  the  preparation  of  slides  was  3 hr.  Since
this  is  the  approximate  time  period  of G2,  it was
not surprising to find  some  (7 %7)  unaffected  meta-
phase  plates  with label over  a few  of the  chromo-
somes. These represent the late replicating  chromo-
somes and chromosome  segments  and can perhaps
explain  the  occasional  mononuclear  cell  in which
some  of  the  chromosomes  are  pulverized,  while
the  remainder  are  intact  (2).  In  this  case,  it  is
possible  that  some  chromosomes  of  the  cell  have
258  B  R  I  E  F  N  O  T  E FGURE  2  a,  A  syncytium  with  intact  and  pulverized  chromosomes  after  treatment  with  hemolytic
fraction of measles virus that had been preceded by a  pulse of tritiated thymidine.  b, The same syncytium
after  application  of  photographic  emulsion  and  exposure  for  2  wk,  showing  silver  grains  over  the pul-
verized  portion of chromosomes.FIGURE  3  a,  A syncytium  with  intact  and  pulverized  chromosomes  after treatment  with  Sendai virus
that has been  preceded  with a pulse  of tritiated  thymidine.  Note that some  of the pulverized  material
is  in  the form  of  elongated  strands  resembling  very  early prophase  chromosomes.  b, The  same syncy-
tium after application  of photographic  emulsion and exposure  for  2 wk, showing  silver grains over  these
elongated  strands,  indicating that  they  are  chromosomes  synthesizing  DNA  and  thus  in  the S  period
of interphase  rather than  prophase.TABLE  I
Incidence of Pulverizations and Labeled Cells  With Hemolytic Fraction of Measles Virus
A  minimum of 100  cells was examined  in  all cases.
HTdR
Hemolytic  Unaffected  Unaffected
fraction  At end  interphase  metaphase
Before exp.  of exp.  Pulv.  Pulv.  labeled  nuclei  labeled  plates  labeled
%*  %  %(  %
0 - - - 0
- +  - 0  - 32  4
- - +  0
+  - - 11
+  +  - 10  73  45  7
+  - +  6  56  33  0
*  u  of cells  exhibiting pulverization  is  expressed  as percentage  of cells  in division.
TABLE  II
Incidence of Pulverization and Label with Sendai  Virus
A  minimum of 100  cells was  examined  in  all  cases.
H3TdR
Sendai  irus  Unaffected  Unaffected
At  end  interphase  metaphase
Before  exp.  of  exp.  Pulv.  Pulv.  labeled  nuclei  labeled  plates  labeled
%/  *  C/  % %  /  %
00  0  / - - - 0
- +  - 0  36  0
+  38
+  +  - 26  75  32  0
+  - +  40  55  28  0
* C/ of pulverized  cells  is  expressed  as percentage  of cells  in division.
completed  synthesis  at  the  time  the  virus  is  en-
countered.  These chromosomes  would  then not be
susceptible to viral pulverization,  while  those chro-
mosomes  that  were  actively  synthesizing  DNA
would  be  pulverized.  The  chromosomes  that  had
completed  synthesis  when  the  virus was  encoun-
tered  might  proceed  through  G2  into metaphase
and  hence  account  for  a mononuclear  cell  with
some  pulverized  and some  intact  chromosomes.
The  observation  that  pulverized  chromosome
material is actually in the  S  period  of interphase  is
compatible  with  the earlier  observation  of  intact
metaphase  chromosomes  and  pulverized  chromo-
somes  side  by  side  in  the  same  syncytium.  This
effect  would  now  seem  to  be  explained  by  the
asynchrony  of  the  DNA  synthesis  of  the  various
nuclei in the  syncytium.
SUMMARY
Label  with  tritiated  thymidine  and  subsequent
radioautography  have  demonstrated  that  the
stage  of the  cell  cycle  susceptible  to  chromosome
pulverization  by  the  hemolytic  fraction  of  the
measles virus or by intact Sendai virus is the period
of  DNA  synthesis  rather  than  the  previously
suspected  periods  of prophase  and  metaphase.
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